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Hansen Solubility Parameters (HSP)
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Energy due to dispersion forces

Energy due to polar forces
Energy due to hydrogen bonding

Hansen radius of interaction
Interaction radius of the polymer= 7.6 for CDA

δd δp δH Ra RED

Cellulose diacetate 18.6 12.7 11

1.0 AVF (Acetone) 15.5 10.4 7.0 7.7 1.02

0.9 AVF 15.5 10.9 10.2 6.5 0.85

0.75 AVF 15.5 11.8 15.8 7.9 1.04

0.5 AVF 15.6 13.2 24.7 15.0 1.97

0.25 AVF 15.6 14.6 33.5 23.4 3.07

0 AVF (Water) 15.6 16.0 42.3 31.7 4.17
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Biggest challenge!
Tuning density without compromising mechanical integrity

GEL- High conc. AEROGEL

CASE I: High concentration 
=> Large no. of interactions

Pros: Mechanically sturdy

Cons: High density, low 
strength to weight ratio

GEL- Low conc. AEROGEL

CASE II: Low concentration 
=> Less interactions

Cons: Mechanically weak

Pros: Low density 

Can we predict and control swelling?

How to overcome it?

Dry

GEL

Swell

Shrink

Dry

AEROGEL- Low density

AEROGEL-High density

Controlled swelling/ shrinking of precursor gel before drying

1A 0.9A 0.75A 0.5A

Density, ρ*(g/cm3) 0.039 0.025 0.026 0.113

Porosity (%) 97.0 98.1 98.0 91.3

Relative density (ρ*/ρCDA) 0.03 0.02 0.02 0.09

Compression Modulus (kPa) 110 14 32 340

Energy of Absorption (kPa) 18 4 6 103

Compressive strength (kPa) 71 22 24 373

Densification strain (%) 78 86 87 35

Aerogel- Is it magic?
Transitioning solvent from liquid to gaseous state avoiding capillary 
forces to prevent  structural collapse

*Density: 4 mg/cm3

Freeze 
drying

Critical 
point 
drying

*Tripathi et. al., ACS Omega, 2017, 2, 4297-4305
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• 2010 Deep Water Horizon Spill: 210 million
gallons of crude oil gushed into gulf of
Mexico for 3 months.1

• Cost to BP: Above $40 billion including civil
and criminal settlements.1

1Graham B et. al.,Deep Water: The Golf Oil Disaster and the Future of Offshore Drilling; 2011
*Images Source: google.com

Aerogels with tunable mechanical properties can be used in variety of applications such as
shock absorbers, thermal and acoustic insulators among many others. Here, a special focus
is on oil-spill remediation

Cool! What to do with these Aerogels?

Methods are either inefficient or 
environmentally unfriendly.

Current methods for cleanup

Skimming

Burning

Pumping

Dispersants

2010 Deep Water Horizon Spill

Oil-spill cleanup
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Cycle

Reusable

System: Spent motor oil mixed in water
Viscosity of spent Motor oil: 170cP

Chemical Vapor Deposition

Unmodified

Modified-Top

Modified- middle

Hydrophobic 
aerogel

Durable

Trichloro-octyl 
Silane

Aerogels with tunable properties

Anisotropic property of aerogel

Conclusions

1. Invoked HSP to tune organogel 
swelling and hence aerogel 
properties.

2. A wide range of mechanical 
properties achieved by the 
novel approach of controlled 
swelling.

3. Directional freezing to 
induce anisotropy in 
aerogels

4. Modified aerogel are 
durable and reusable with 
high oil recovery and 
retention  even in an 
agitated environment. 0.0 0.2 0.4 0.6 0.8 1.0
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Polymer 
solution Gel

Gel swelling

Can HSP translate to polymer gels?
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*Tripathi et al., ACS Omega, 2017, 2, 4297-4305

T = -800C

Swollen 
Gel 

Freeze drying

Aerogel

Directional FreezingCross-linking reaction mechanism Tunable Gel Swelling
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